B lack-eyed susan (Rud beckia hirta) is a wildflower native to much of the United States (Rickett, 1967) , including Florida (Wunderlin, 1998) . It is thought that through a process of natural selection, populations of native wildflowers may perform better in one location (environment) than another. The selection process involves not only climate but also soils, insects, and microorganisms-the ecotype concept (Turesson, 1922) .
Few published studies have focused on the ecotype issue with respect to native wildflowers. Although black-eyed susan is considered an obligate long-day (LD) plant (Garner and Allard, 1925) , Beckwith (1991) observed that a Texas ecotype had a weak facultative LD flowering response, while a northern ecotype was an obligate LD plant. Celik (1996) also noted a difference in flowering among black-eyed susan ecotypes. In a study conducted in northern Florida (Norcini et al., 1998) , a northern Florida ecotype of black-eyed susan flowered until the end of the study (mid-October) whereas a Texas selection senesced and/or succumbed to disease by mid-August. There were no differences in the level of insect damage (which was minimal) and neither ecotype exhibited any signs of drought stress. A naturally-occurring selection from central Florida also outperformed two blackeyed susan cultivars ('Sonora' and 'Indian Summer') in a formal bedding plant evaluation conducted in central Florida (Howe, 1998) .
Latitudinal effects on population adaptation are thought to occur in as little as 402 to 563 km (250 to 300 miles) (S. Meyer, personal communication). There are latitudinal ecotypes of black-eyed susan, as noted above, as well as of goldenrod (Solidago sempervirens L.) (Goodwin, 1944) . However, other environmental conditions such as temperature, moisture, and mineral nutrition can affect species adaptation. Murfet (1977) points out several examples in which these factors affected flowering of forbs or grasses. In mountainous regions, populations of a species can be adapted to different elevations because of differences in climate (Meyer and Paulsen, 2000) . Gordon and Rice (1998) as well as Kindell (1993) provided strong evidence of an environmental influence on growth and/or fecundity of wiregrass (Aristida beyrichiana Trin. & Rupr.) populations. Although evidence of genetic differences (based on isozyme analysis) was lacking, results of a reciprocal transplant study implied that genetic differences exist among wiregrass (Gordon and Rice, 1998) .
The objective of this study was to evaluate, under low input conditions, the effects of site (four sites in Florida, representing AHS Heat Zones 9, 10, and 11) and seed source (northern Florida, central Florida, and Texas) on growth, flowering, and survival of blackeyed susan. Based on the ecotype concept, black-eyed susan should perform better under conditions from which the seed were derived than when seed were used from a different environment. Differences in growth, flowering, or survival due to site or seed source could affect recommendations for landscape use of black-eyed susan.
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A central Florida seed source (CFL) was a selection that originated from two plants purchased from Viola Wildflower of Sarasota, Fla. It is a variant of blackeyed susan that has yellow ray flowers (RHS 6A) and was named 'Viola's Lemonade' by the grower. This selection originated from a chance seedling collected by the grower in a mesic area of eastern Sarasota County in central Florida (AHS Heat Zone 10; USDA Hardiness Zone 9a). In addition to a different flower color, CFL appears to be slightly smaller overall, including flower size, compared to the NFL. Leaf and growth characteristics are similar.
The third seed source was a selection of a Texas ecotype (TEX) that was produced by Wildseed Farms, Fredericksburg, Texas (AHS Heat Zone 9; USDA Hardiness Zone 8a). This selection is much larger than either NFL or CFL, with flowers, foliage, and overall size appearing to be 150% to 200% greater than that of NFL (Norcini et al., 1998) . Its foliage has lighter green leaves with longer, soft hairs compared to NFL and CFL. Ray flowers are two shades of yellow-orange-RHS 17B on the basal part of the petal and RHS 14A on the outer portion. SITES. Plantings were established at four sites that represented AHS Heat Zones 9, 10, and 11 (average number of days (Table 1) , and contained several nematode genera ( Seedlings were transplanted during the first week of March 1998 to a 3.1 × 3.7-m (10 × 12-ft) plot, with plants spaced 0.61 m (2 ft) on center. All sites were previously in turfgrass, had not been recently cultivated, and were in full sun. Turfgrass was killed with a nonselective herbicide (glyphosate) 2 to 4 weeks before planting. At Bradenton, Ft. Lauderdale, and Jay all turfgrass was removed, and then plots were rototilled and raked before planting. However at Monticello, dead turfgrass remained in the rows and between plants, with a 20.3 to 22.9 cm (8 to 9 inches) ring of turfgrass-free soil maintained on all sides of each plant. The entire 3.1 × 3.7-m plot at all sites was mulched with 5 to 7.6 cm (2 to 4 inches) of pine straw or shredded cypress bark (Ft. Lauderdale only). Weeds that emerged were manually removed.
Plants were irrigated for 2 to 4 weeks after transplanting to aid in establishment. From mid-April through midJune, most of Florida experienced a drought that was exacerbated by unseasonably warm weather in May and June [mean (±SE) departures from normal maximum temperature averaged over sites: May = +2.7 ± 1. tion was necessary at one or more sites. No supplemental fertilizer was applied. Pesticides were not used except for fire ant control, and for a major aphid infestation at Ft. Lauderdale (no apparent preference for TEX, CFL, or NFL was observed) when imidacloprid {Mara-thon 1G; Olympic Hort. Products, Mainland, Pa. [1.3 g (0.5 oz)] at base of plant and watered in} was applied to all plants.
PARAMETERS. Total plant height (measured from the soil surface to the top of the plant) and two widths (width at widest point, and width perpendicular to widest point) were recorded at transplanting, and approximately every 30 d; all measurements included the contribution of inflorescences. A plant growth index (GI) was calculated as follows: GI = (height + average width)/ 2, where average width was the average of width at the widest point and width perpendicular to the widest point. For each plant, date of first fully opened flower, number of fully opened flowers (once per week initiated at first flowering), and diameter of three individual fully opened flowers were recorded. Percent survival was also monitored monthly.
EXPERIMENTAL DESIGN AND ANALY-SIS. The experimental design was a 4 (site) by 3 (seed source) factorial arranged in a completely random design, with 10 single plant replications per seed source per site. Due to a technical problem at Ft. Lauderdale, there were 3, 3, and 11 single plant replications for NFL, CFL, and TEX, respectively. Data (except survival data) were subjected to analysis of variance using the General Linear Model (GLM) procedures of SAS. Main effects means (Site, Seed source) were separated using Tukey's studentized range (HSD; α = 0.05). Significant differences between two specific seed sources within or between sites were determined by the LSMEANS/PDIFF option within the GLM procedure of SAS.
Results and discussion GROWTH. Increases in width and GI were significantly affected by site (Table  3) . Plants tended to grow more in the northern half of Florida (Monticello and Jay) than in the southern half of Florida (Bradenton and Ft. Lauderdale). TEX plants were perceived as larger (Short, 1994 ).
x NA = Ground pearl analysis was not available for Jay.
than NFL or CFL because TEX had 1) visibly larger leaves (data not shown) than either NFL or CFL, 2) the largest flowers (FLOWERING, see below), and 3) flowers that were held only slightly above the vegetative growth in contrast to NFL and CFL flowers which were held visibly higher above the mass of vegetative growth. FLOWERING. Site affected date of first flowering in a manner analogous to the effect of site on growth. Plants in the northern half of Florida (Jay and Monticello) generally started flowering about 1 to 2 weeks earlier than those in the southern half of Florida (Bradenton and Ft. Lauderdale) ( Table 3) . TEX plants tended to start flowering later than either NFL or CFL, although seed source was not a significant main effect at the 5% level for date of first flower (P = 0.092). However, peak flowering of TEX was about 2 and 6 weeks earlier than CFL at Monticello and Ft. Lauderdale, respectively (Table 4) . Peak flowering dates of TEX and NFL at Monticello or Ft. Lauderdale were not significantly different (within a site). There were no seed source differences in peak flowering date at Bradenton or Jay, nor were there any trends in range of dates at which plants from different seed sources attained peak flowering.
The number of flowers at peak flowering was affected by site. Significantly (P = 0.05) more flowers were produced on plants at Ft. Lauderdale, Jay, and Monticello compared to Bradenton but there were no significant differences in number of flowers at peak among Ft. Lauderdale, Monticello, or Jay. There was also a significant site by seed source interaction. However, within a site, the only significant differences among seed sources were at Jay where TEX plants had substantially more flowers than either CFL or NFL (Table 4) . There were no trends in range of number of flowers at peak flowering.
Flower diameter was only affected by seed source (Table 3) . TEX flowers [mean = 7.1 cm (2.8 inches) diameter] were 37% wider than NFL flowers [5.2 cm (2.0 inches) diameter] and twice as wide as CFL flowers [3.6 cm (1.4 inches) diameter]. The TEX and NFL results concur with the observations of Norcini et al. (1998) , while the average size of CFL concurs with the observations of Howe (1998) . CFL plants had the most consistent flower diameters (data not shown).
SURVIVAL. It was clear that NFL and CFL survived longer than TEX (Table 5 ) except at Jay. None of the TEX plants at any site survived to November, and most of these plants were dead by the beginning of September. This concurs with the findings of Norcini et al. (1998) who observed that most TEX plants in northern Florida were dead by mid-August. Furthermore, Norcini (unpublished observations) has noted during the past few years that at least the top growth of TEX plants consistently dies in late summer when plants are grown under low input conditions.
At Monticello, CFL survived better than NFL but there didn't seem to be any differences between survival of CFL or NFL within other sites. Plants at Ft. Lauderdale were flooded for 3 days (ankle-deep) in mid-September due to excessive rain. Because of the flooding, one of three NFL survived and only three of 11 TEX survived. However, two of three CFL survived flooding, and while flooded, new flowers even opened on CFL.
Conclusions
There are many factors that could have caused the plants to perform differently at the different sites. Soil phosphorus level was very low at Bradenton [3.7 mg·kg -1 (ppm)] compared to the other sites [13 to 27 mg·kg -1 (ppm) at the other sites]. Researchers at Bradenton even observed purple foliage, a sign of phosphorus deficiency.
Nematodes may have affected growth, flowering, and survival at Bradenton and Jay. Even though blackeyed susan is unaffected by root-knot nematodes (Thetford and Kinloch, 1999) , it could be affected by other nematode species. Spiral nematode populations were very high at these sites compared to other locations, especially at Jay, which had over two and a half times the number of spiral nematodes compared to Bradenton ( Photoperiod and temperature can have interactive effects on flowering of Rudbeckia (Kochankov and Chailakhyan, 1986; Murneek, 1940) . The trend of plants from all three seed sources to start flowering later at Bradenton and Ft. Lauderdale than at Jay and Monticello (Table 3 ) may have been due to temperature (AHS Heat Zones 10 and 11 vs. 9). Since all three seed sources originated in the south, plants may have had only a weak facultative LD response similar to what Beckwith (1991) noted about a Texas ecotype of black-eyed susan. Hence, temperature may have had a greater effect on flowering (Kochankov and Chailakhyan, 1986) .
In conclusion, site had the greatest influence on growth and flowering of NFL, CFL, and TEX. Those making recommendations or considering use of black-eye susan under low input conditions like those in this study need to be aware of the variability that could occur at different sites despite apparent similarities in environmental conditions and/ or cultural practices. TEX plants were the showiest in flower but plants from the two Florida seed sources were better able to survive the low fertility sites under Florida conditions. This provides some evidence of adaptation to regional site conditions, and hence, seed source should be considered when season-long persistence of black-eyed susan is an issue.
